Urban afforestation greatly contributes to the ex situ conservation of native species in urban centers of Brazil. In this way, the aim of the present work was to analyze the similarity of the arboreal-shrub flora among urban afforestation in southeastern Brazil. For this analysis, a binary matrix with data of 283 species present in 20 municipalities in the Southeastern Region of Brazil was adopted, in which the Principal Component Analysis (PCA) was also used aiming at enabling refinement in the grouping obtained by the floristic similarity (FS) of Sørensen with similarity from values provided by PCA. FS among municipalities was intermediate, but the highest similarity of urban flora was found among the geographically closest municipalities. In the southeastern region, 283 species were recorded, being distributed in 71 botanical families, with Fabaceae having the largest number of species, and with emphasis on the predominance of exotic plants over native plants.
INTRODUCTION
Urban afforestation is essential for the ecological, aesthetic and socioeconomic quality of urban spaces, since it improves the quality of life of cities and their population. In this sense, Souza et al. (2011) reported that considering the existence of economic and social benefits of trees in cities is only a logical process, since they offer ecological (climate and pollution), biological (physical health) and psychological (mental health) benefits.
Despite the understanding about the importance of establishing afforestation planning in urban centers, advances regarding effective public policies for the development of planning associated with urban afforestation in Brazilian cities are scarce. This fact is corroborated by Gonçalves & Paiva (2004) , who affirmed that despite the enormous diversity of native species of each region, planners have generally preferred the use of exotic species from other regions of the country and also from abroad.
In this context, the proposal of implanting arboreal-tree species in urban spaces only considering the beautification that they provide is a misguided way of planning the green areas of cities. For urban afforestation to be efficient and beneficial, it is essential that species are properly selected (Castro et al., 2011) . In this regard, the management agencies of cities should be familiar with the native flora of the region in order to propose afforestation plan prioritizing native species in detriment of the introduction of exotic species inserted in the urban landscape.
A possible justification for the large use of exotic species is the lack of information on Brazilian flora and its landscape potential, especially regarding endangered species (Silva & Perelló, 2010) . For this reason, floristic-comparative studies are essential to identify and facilitate the understanding of the flora in urban spaces (Fischer et al., 2016) , which would provide a foundation for evaluating the environmental heterogeneity and guidelines for defining strategies for afforestation planning projects in the central areas of avenues, public squares and municipal parks (Oliveira et al., 2016) .
The use of multivariate statistics is an important technique to simultaneously explore the relationship among qualitative and quantitative variables, and its use covers different fields of knowledge (Ferreira et al., 2008) . In forestry science, specifically in the field of Forestry related to afforestation and landscape, studies that make use of this tool to compare urban forest between regions or even between municipalities within the same state are still scarce.
The study by Cupertino & Eisenlohr (2013) conducted using data regarding the arborization of 17 Brazilian university campuses draws attention to the number of exotic species used by educational institutions (42.6%), and although the proportion of native species remained higher (57.4%), the expressive use of non-native species still prevails. In this context, cluster analysis based on floristic surveys of urban spaces in different Brazilian regions has proven to be an adequate technique for planning urban afforestation, since it provides a more detailed diagnosis of the floristic particularities of each region, thus allowing broad comparisons based on qualitative and quantitative data of species.
In view of the above, the aim of this study was to perform a comparative analysis of arboreal-shrub flora used in the urban area of cities in Southeastern Brazil in order to determine: (i) Are more native species or exotic species being used in this region?;(ii) What are the key species for floristic similarity?; (iii) Is floristic similarity associated with regional issues (geographical proximity between states)?; and (iv) Is it possible to refine the similarity analysis through the application of Principal Component Analysis (PCA)?
MATERIAL AND METHODS
A survey of floristic studies on urban afforestation (squares, sidewalks, central beds, roundabouts or any public road) in the states of São Paulo, Minas Gerais, Rio de Janeiro and Espírito Santo in Southeastern Brazil was conducted by digital consultation of scientific studies (books, monographs, dissertations, theses, expanded abstracts, articles and scientific notes) published by publishers, events or scientific journals, excluding works with incomplete lists of species or without their respective frequencies (Figure 1 ).
Arboreal-shrub species were included for database construction and herbaceous plants, palm trees and vines were excluded, seeking data standardization to be extracted. In addition, undetermined taxa were excluded since congruence among undetermined individuals would be impossible.
The classification system adopted for botanical families was APG III (2009). Spelling, synonymy, popular names, origin and phytogeographic distribution of species were verified using databases of the Brazilian Flora Species List (Forzza et al., 2010; Reflora, 2017) and W3 Tropicos® (MOBOT, 2017) .
For the similarity analysis, two matrixes were elaborated from the database of the 283 compiled species, one with data regarding presence and absence, and another with frequency data (abundance) of the species. The Sørensen similarity index was used for the presence and absence matrix, which provides greater weight to common species (Cupertino & Eisenlohr, 2013) . The agglomerative hierarchical grouping method was used in elaborating the dendrogram, with links by the average linkage method (UPGMA) (Felfili et al., 2011) .
The Bray-Curtis index was used to generate a distance matrix (dissimilarity) based on the matrix of native and exotic species abundance, and later, the simple binding method was applied to form clusters. After the formation of clusters, the Mantel test was applied to evaluate whether there was greater similarity between sites with smaller geographic distances. For this, the Bray-Curtis similarity was correlated with data of spatial coordinates of each study site, using the Monte Carlo method with 1000 random permutations to evaluate the significance of the Mantel test (Zar, 2009 (Benatti et al., 2012) , SP2 -Garça (Nunes et al., 2013) , SP3 -Ribeirão Preto (Romani et al., 2012) , SP4 -São Paulo (Souza et al., 2016) , SP5 -Jacareí (Faria et al., 2007) , SP6 -Assis (Rossatto et al., 2008) , SP7 -Ipiranga (Rossetti et al., 2010) , MG1 -Divinópolis, MG2 -Formiga, MG3 -Itaúna, MG4 -Pará de Minas (Oliveira et al., 2016) , MG5 -Uberlândia (Silva et al., 2002) , MG6 -Arcos (Oliveira et al., 2016) , MG7 -São João Evangelista (Brandão et al., 2011) , RJ1-Nova Iguaçu (Rocha et al., 2004) , RJ2 -Tijuca (Freitas et al., 2015) , RJ3 -Rio de Janeiro (Souza & Cintra, 2007) , ES1 -Jerônimo Monteiro , ES2 -Vargem Alta (Scaramussa, 2013) , and ES3 -Cachoeiro do Itapimirim (Mazioli, 2012) .
It should be noted that the binary matrix was also used as input for the Principal Component Analysis (PCA), seeking to compare the cluster efficiency obtained by Sørensen's floristic similarity (simple method) with similarity obtained from values provided by the PCA ordering technique. For this analysis, the same analytical procedure used by Ferreira et al. (2008) was adopted.
The cophenetic correlation coefficient (CCC) was applied to measure the distortion degree of the original matrix dendrogram of the Sørensen coefficient of similarity (phonetic F matrix) and the matrix resulting from the simplification provided by the clustering method (cophenetic C matrix).The R software (R Development Core Team, 2014) was used for conducting all statistical analyses through the vegan library (Oksanen et al., 2013) .
RESULTS AND DISCUSSIONS
The survey found a total of 15,207 tree and shrub individuals distributed across 283 species, 204 genera and 71 botanical families. From this total, the state of São Paulo accounted for the largest amount (60.25%), followed by Minas Gerais (15.39%), Rio de Janeiro (14.78%) and Espírito Santo (9.58%). Regarding the origin of species, it was generally observed that the urban afforestation of the southeastern region of Brazil is composed of 168 exotic species, of which the Lagerstroemia indica (L.) Pers. (Resedá) species stood out, with 1,333 individuals, and the municipality of Garça-SP presented the highest insertion of this shrub into urban spaces with high expressiveness (88.82%).
Regarding native species, 115 plants were analyzed, in which Licania tomentosa (Benth.) Fritsch (Oiti) showed the greatest abundance of individuals (2,482) in the total survey, and municipalities of Garça-SP, São João Evangeslísta-MG, Uberlândia-MG and Assis-SP showedthe highest proportion of this species in percentage terms: 22.84%, 20.10%, 17.32% and 16.56%, respectively.
The most representative botanical family was Fabaceae, accounting for 37.10% of the total number of species collected throughout the southeastern region of Brazil, and the state of São Paulo presented the highest occurrence of species of this family (Figure 2 ). Among Leguminoseae, Caesalpinia pluviosa var. peltophoroides (Benth.) G. P. Lewis (Sibipiruna) was the most evident species and shared by all studies analyzed, which is a tree plant of exotic origin well distributed in the Brazilian territory, and largely used for city landscaping.
Regarding the floristic similarity of urban afforestation among the twenty municipalities, it was found that the Sørensen index ranged from 0.00 to 0.70, indicating greater similarity between Arcos-MG and Divinópolis-MG, and low similarity between the city of São Paulo and the other municipalities (Figure 3) . The explanation for the greater similarity between Arcos -(C1) and Divinópolis -(C2) may be related to the fact that common species occurr between the two areas, suggesting a tendency of similar floristic composition, mainly represented by Licania tomentosa 
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Compositional Similarity of Urban… Floresta e Ambiente 2019; 26(2): e20170747 (Benth.) Fritsch, Ligustrum lucidum W. T. Aiton, Murraya paniculata (L.) Jacq. And Caesalpinia pluviosa var. peltophoroides (Benth.) G. P. Lewis species, of which the first is native and the others are exotic species.
The low similarity observed between São Paulo and the other groups is explained by the significant number of species (67) that only occurred in this city, of which 30 are exotic and 37 are native; and the highest frequency (57 individuals) was revealed by Toxicodendron vernicifluum (Stokes) F.A. Barkley (exotic), followed by Tibouchina pulchra Cogn. (35), which is a shrub species native to the Atlantic Rainforest.
This result points to the high variety of species used in the afforestation of cities in the southeastern region of Brazil, and also clarifies that another probable explanation for dissimilarity between cities is the choice of these species, considering that the majority of plants introduced in the afforestation of squares, streets, avenues and municipal parks are exotic (Orfrini et al., 2006) due to their greater availability in the market (Silva & Perelló, 2010) and popular acceptance, which probably occurs due to the little silvicultural ecological knowledge of native species (Freitas et al., 2015) . On the other hand, Castro et al. (2011) reinforce the idea that it is preferable to cultivate native plants in urban spaces of the country, seeking to preserve local biodiversity.
The cophenetic coefficient of 0.74 indicates that 74% of original similarity matrix data were well reproduced in the dendrogram. In addition, this percentage points out that the cluster method used to synthesize the information of the data set was adequate. This result is in line with the study by Cupertino & Eisenlohr (2013) , in which the authors found cophonetic coefficient value of 79% in the dendrogram generated by the Sorensen index with floristic similarity data of university campuses in different Brazilian regions.
In the cluster analysis, it is possible to verify that the groups formed point to an aspect of greater similarity between geographically closer sites. This finding is corroborated by the value of the Mantel test (r = -0.57, t = 10.02; p = 0.025), which shows a significant negative correlation between species similarity and the geographic distance among the twenty municipalities under study. Thus, it can be understood that greater distances lead to floristic dissimilarity among the urban environmental flora of the analyzed region (Figure 4) . Similarly, Cupertino & Eisenlohr (2013) observed the influence of distance on the similarity between university campuses in Brazil.
It is important to emphasize that because this is a regional analysis, strong association of floristically similar environments in surveys between neighboring municipalities was expected. Even though it is understood that the flora of urban spaces is conditioned by the criteria established by the governing bodies of each city, it could be considered that the four evaluated states basically (almost) exclusively use the same species in urban landscaping, which probably explains the degree of similarity between adjacent municipalities.
It was found that it is possible to reduce the matrix with data from variables (283 species) for the tenth dimension, with the accumulation of 100% of the total variation in the first 10 components (Table 1, Figure 5 ).
The 10 principal components generated were able to explain 100% of the original data variance, which in turn justifies the use of this method as a way of simplifying the initial matrix structure, thus providing better understanding of variables that most contributed to the similarity analysis. Licania tomentosa (Benth.) Fritsch, Caesalpinia pluviosa var. peltophoroides, Ficus benjamina L., Tabebuia heptaphyla (Vell.) Tol., Hibiscus rosa sinensis L., and Leucaena leucocephalla (Lam.) de Wit. species were the variables that most explained the variance of factorial axes of the linear combination translated by the 10 principal components. Therefore, it could be inferred that the set of substantially uncorrelated orthogonal axes of these variables contain most of the information from the original set ( Figure 5 ). A probable explanation for the fact that these species present greater degree of importance in the analysis is because they are well represented in terms of frequency in each municipality analyzed, in which Licania tomentosa (oiti) (as previously mentioned) was the species that presented the greatest number of individuals in the region. This species is a typical tree of the Atlantic Forest (Monteiro et al., 2012) , with a sturdy canopy that provides large shaded areas, and therefore is the preferred species used in squares, streets and avenues, mainly in the cities in the northern and the coastal regions of Brazil (Lorenzi, 2008) .
In general, the precise formation of four groups based on the Phenon line at 35% was observed in the dendrogram constructed from values provided by the first 10 PCA components. The formation of a large cluster encompassing the urban flora areas of H, D, I, K, C5, C1, C2, C4 and C3, which presented expressive floristic similarity degree among themselves was also observed (Figure 6 ). Correct formation of clusters in the dendrogram was identified without high distortion of information between original matrix and cophenetic matrix based on the cophenetic coefficient value of 0.86, confirming that 86% of the original similarity data were well reproduced.
The Euclidean distance varied from 12% for the H, D, I and K subgroup (highest similarity) to 54% associated to isolated G group with the other study areas. Comparing the result of the generated cluster after treating data with PCA to that of the first approach Figure 5. Correlations associated with the first two axes with variables (species) that most explained the variance of factorial axes.
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Compositional Similarity of Urban… Floresta e Ambiente 2019; 26(2): e20170747 (simple method), it could be inferred that there was relative improvement in the clustering resulting from the fact that it was able to unite floristically similar environments in a more appropriate way, as they are between municipalities neighboring to their respective states ( Figure 6 ).In additions, the fact that PCA simplifies the set of variables with the purpose of retaining the maximum information in the estimation order in terms of the total variation contained in data could also be consider. Therefore, the total variability contained in the original variables is equal to the total variability contained in the principal components (Ferreira, 2011) .
A similar result was reported by Ferreira et al. (2008) , in which the authors studied the floristic similarity of forest fragments in different Brazilian regions through the application of PCA prior to cluster analysis and concluded that this methodology has potential to be used to investigate forest fragment similarity, since it contributes to refining the original data, thus enabling greater consistency by cluster analysis.
CONCLUSIONS
There is greater occurrence of species belonging to Fabaceae family in the urban afforestation of cities in southeastern Brazil; however, predominance of exotic species over native species was observed.
Licania tomentosa, Caesalpinia pluviosa, Ficus benjamina, Tabebuia heptaphyla, Hibiscus rosa sinensis
and Leucaena leucocephalla are the most significant species for similarity among states of Southeastern Brazil, in which the greatest floristic similarities among study studied areas were found for municipalities geographically located closer to each other.
Data ordering procedure by Principal Component Analysis has proven to be an adequate technique to improve the consistency of clusters in comparative studies of floristic similarity in the urban afforestation of cities. 
